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(57) Abstract 

A language model (70) is used in a speech recognition 
system (60) which has access to a first, smaller data store 
(72) and a second, larger data store (74). The language 
model (70) is adapted by formulating an information retrieval 
query based on information contained in the first data store 
(72) and querying the second data store (74). Information 
retrieved from the second data store (74) is used in adapting 
the language model (70). Also, language models are used 
in retrieving information from the second data store (74). 
Language models are built based on information in the first 
data store (72), and based on information in the second data 
store (74). The perplexity of a document in the second data 
store (74) is determined, given the first language model, 
and given the second language model. Relevancy of the 
document is determined based upon the first and second 
perplexities. Documents are retrieved which have a relevancy 
measure that exceeds a threshold level. 
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INFORMATION RETRIEVAL AND SPEECH RECOGNITION BASED ON 
LANGUAGE MODELS 

5 BACKGROUND OF THE INVENTION 

The present invention deals with speech 
recognition and information retrieval. More 
specifically, the present invention deals with a 
10 speech recognition system which employs information 
retrieval techniques to adapt a language model, and an 
information retrieval technique which employs speech 
recognition language models for retrieving relevant 
documents . 

15 Generally, information retrieval is a process by 

which a user finds and retrieves information, relevant 
to the user, from a large store of information. In 
performing information retrieval, it is important to 
retrieve all of the information a user needs (i.e., it 

20 is important to be complete) , and at the same time it 
is important to limit the irrelevant information that 
• is retrieved for the user (i.e., it is important to be 
selective) . These dimensions are often referred to in 
terms of recall (completeness) and precision 

25 (selectivity) . In many information retrieval systems, 
it is necessary to achieve good performance across 
both the recall and precision dimensions. 

In some current retrieval systems, the amount of 
information that can be queried and searched is very 

30 large. For example, some information retrieval 
systems are set up to search information on the 
internet, digital video discs, and other computer data 
bases in general . These information retrieval systems 
are typically embodied as, for example, internet 

35 search engines, and library catalog search engines. 

Many information retrieval techniques are known. 
A user input query in such techniques is typically 
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presented as either an explicit user generated query, 
or as an implicit query, such as when a user requests 
documents or information which is similar to a certain 
set of existing documents. Typical information 

5 retrieval systems then search documents in the large 
data store at either a single word level, or at a term 
level. Each of the documents are assigned a relevancy 
(or similarity) score, and the information retrieval 
system presents a certain subset of the documents 

10 searched to the user, typically that subset which has 
a relevancy score which exceeds a given threshold. 

Some currently known information retrieval 
techniques or methods include full text scanning, the 
use of signature files, inversion, vector modeling and 

15 clustering, and tf*idf (term frequency * inverse 
document frequency) . In full text scanning. Boolean 
functions are used in a query to determine whether a 
document to be searched contains certain letter 
strings. It is common in such scanning techniques to 

20. search each character of a document to see whether it 
satisfies the search string (i.e., the query) and then 
move the search one position to the right when a 
mismatch is found. This system has been adapted to 
use other ways of preprocessing the query, such as 

25 moving more than one position to the right when a 
mismatch is found. 

The use of signature files involves discarding 
common words from documents to be searched and 
reducing the non-common words to stems. Each document 

30 to be searched yields a bit string (i.e., a 
signature) . The signatures for various documents are 
stored sequentially in a file separate from the 
documents themselves. 

Inversion techniques involve constructing a list 

35 of key words to represent each document. The key 
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words are stored in an index file. For each key word, 
a list of pointers is maintained which reveals 
qualifying documents. The query is then advanced 
against the index and the pointers are used to 

5 identify the relevant and qualifying documents. 

Vector modeling and clustering involves grouping 
of similar documents into groups referred to as 
clusters (this technique can also be applied to terms 
instead of documents) . In order to generate a 

10 cluster, an index is formed by removing common words 
and reducing the remainder of the words to stems 
(which includes prefix and suffix removal) . Synonyms 
are also commonly placed in a concept class which can 
have its terms weighted by frequency, specificity, 

15 relevancy, etc. The index is used to represent the 
documents as a point in t -dimensional space. The 
points are then partitioned into groups with a 
similarity matrix which is typically developed through 
an iterative process. In order to search the cluster, 

20 a query is represented as a t-dimensional vector and 
is compared with the cluster centroids. A cluster-to- 
query similarity function is generated and is used to 
pull relevant documents. The documents which are 
pulled (or retrieved) are typically those with a 

25 similarity value that exceeds a predetermined 
threshold value. 

Semantic information is used in some information 
retrieval techniques to capture more information about 
each document in the information store in order to 

30 achieve better performance. In one such system, 
natural language processing is used to match the 
semantic content of queries to that of the documents 
to be searched. Sentences or phrases are used as 
terms for indexing the documents to be searched, 

35 Latent semantic indexing involves forming a 
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term/document matrix in which the number of 
occurrences of a term in a specific document are 
plotted on a matrix. Small singular values are 
typically eliminated and the remaining term frequency 

5 vectors are mapped. Queries are also formed of term 
frequency vectors and are mapped against the matrix 
which contains the term frequency vectors for the 
documents. The documents are ranked by using 
normalized linear products in order to obtain a cosine 

10 similarity measure. 

Another type of information retrieval technique 
which uses semantic information is a neural network. 
Essentially, a thesaurus is constructed, and a node in 
a hidden layer is created to correspond to each 

15 concept in the thesaurus. Spreading activation 
methods are then used to conduct searches. 

Term frequency * inverse document frequency 
(tf*idf) is another technique used to determine 
relevancy of documents. First, a term used in a query 

20 is measured against the document to determine the 
frequency of that term in the document. It is 
believed that the degree to which the document and the 
term are related increases as the frequency of the 
term in the document increases. It is also believed 

25 that the usefulness of a term in discriminating among 
documents decreases as the number of documents in 
which that term appears increases. Therefore, the 
frequency of the particular term is also measured 
against the whole data store to determine the 

30 frequency level of that term in all of the documents. 
These two measures are used in determining the 
relevancy of any given document in the data store 
being searched. 

As the data bases which are accessible to 

35 searching become ever more numerous, and as those data 
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bases become larger, the problems associated with 
information retrieval also become larger. In other 
words, acceptable performance across the recall and 
precision dimensions is often more difficult to obtain 

5 with larger and more numerous data bases under search. 

Speech recognition systems use a combination of 
the acoustic and linguistic (or language) information 
contained in an utterance in order to generate a 
transcript of the meaning of the utterance. The 

10 language information used by a recognizer in a speech 
recognition system is collectively referred to as a 
language model . 

Many current speech recognition systems use 
language models which are statistical in nature. Such 

15 language models are typically generated using known 
techniques based on a large amount of textual training 
data which is presented to a language model generator. 
An N-gram language model may use, for instance, known 
statistical techniques such as Katz ' s technique, or 

20 the binomial posterior distribution backoff technique. 
In using these techniques, the language models 
estimate the probability that a word w(n) will follow 
a sequence of words wl, w2, . . . w{n-l) . These 
probability values collectively form the N-gram 

25 language model . 

There are many known methods which can be used to 
estimate these probability values from a large text 
corpus which is presented to the language model 
generator, and the exact method by which this is done 

30 is not of importance to the present invention. 
Suffice it to say that the language model plays an 
important role in improving the accuracy and speed of 
the recognition process by allowing the recognizer to 
use information about the likelihood, permissibility, 

35 or meaningfulness, of sequences of words in the 
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language. In addition, language models which capture 
more information about the language lead to faster and 
more accurate speech recognition systems. 

Typically, the large training text corpus used to 

5 train the language model is specifically gathered and 
presented to the language model generator for that 
particular purpose. Thus, language models are 

typically generated for certain broad classes of use. 
Some classes of use may be the general English 

10 language, office correspondence, sports, etc. 

However, the interests of any particular user, 
and therefore, the language used by that particular 
user, may typically be much more specific than these 
broad language model categories. Hence, the 

15 probability estimates generated by such a language 
model may not accurately model the actual language 
used by the user. Further, since the variety of 
interests among users is almost unlimited, it is very 
difficult to generate highly specialized language 

20 models for each user. 

Some prior systems have attempted to handle this 
problem by adapting the language model with use. 
During adaptation, the probability estimates assigned 
to the word sequences by the language model are 

25 adjusted to more closely reflect the actual language 
of the user. The textual data used for the adaptation 
is user specific. This text data may, for example, 
consist of text which has been dictated by the user, 
or the text in documents generated, read or stored by 

30 the user. However, in order for a language model to 
be accurately adapted, it must be fed a large amount 
of data. The user specific data available is 
typically too sparse to rapidly adapt the language 
model or to generate a meaningful, user specific 

35 language model . 
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SUMMARY OF THE INVENTION 
A language model is used in a speech recognition 
system which has access to a first, smaller data store 
and a second, larger data store. The language model 

5 is adapted by formulating an information retrieval 
query based on information contained in the first data 
store and querying the second data store. Information 
retrieved from the second data store is used in 
adapting or constructing the language model. 

10 In one preferred embodiment, the first store, 

which is generally smaller, is believed to be more 
representative of the language that is currently being 
used by the user of the speech recognition system. 
The second store, which is generally larger, is very 

15 likely to be less representative of the language of 
the user in percentage terms . 

Also, language models are used in retrieving 
information from the second data store. Language 
models are built based on information in the first 

20 data store, and based on information in the second 
data store. The perplexity of a document in the 
second data store is determined, given the first 
language model , and given the second language model . 
Relevancy of the document is determined based upon the 

25 first and second perplexities. Documents are 

retrieved which have a relevancy measure which exceeds 
a threshold level. 

In one embodiment, the first data store 
represents the query or request by the user, and the 

30 second data store represents the library to be 
searched. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an exemplary 
35 environment for implementing a system in accordance 
with the present invention. 
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FIG. 2 is a more detailed block diagram of a 
system in accordance with the present invention. 

FIG. 3 is a flow diagram illustrating a document 
retrieval technique in accordance with one preferred 
5 embodiment of the present invention. 

FIG. 4 is a flow diagram illustrating a technique 
for adapting a language model in accordance with 
another preferred embodiment of the present invention. 
DF-TAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

Overview 

FIG. 1 and the related discussion are intended to 
provide a brief, general description of a suitable 
computing environment in which the invention may be 

15 implemented. Although not required, the invention will 
be described, at least in part, in the general context 
of computer-executable instructions, such as program 
modules, being executed by a personal computer. 
Generally, program modules include routine programs, 

20 objects, components, data structures, etc. that perform 
• particular tasks or implement particular abstract data 
types. Moreover, those skilled in the art will 
appreciate that the invention may be practiced with 
other computer system configurations, including hand- 

25 held devices, multiprocessor systems, microprocessor- 
based or programmable consumer electronics, network 
PCs, minicomputers, mainframe computers, and the like. 
The invention may also be practiced in distributed 
computing environments where tasks are performed by 

30 remote processing devices that are linked through a 
communications network. In a distributed computing 
environment, program modules may be located in both 
local and remote memory storage devices. 

With reference to FIG. 1, an exemplary system for 

35 implementing the invention includes a general purpose 
computing device in the form of a conventional personal 
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computer 20, including processing unit 21 (which may 
include one or more processors), a system memory 22, 
and a system bus 23 that couples various system 
components including the system memory to the 
5 processing unit 21. The system bus 23 may be any of 
several types of bus structures including a memory bus 
or memory controller, a peripheral bus, and a local bus 
using any of a variety of bus architectures. The 
system memory includes read only memory (ROM) 24 a 
10 random access memory (RAM) 25. A basic input/output 26 
(BIOS) , containing the basic routine that helps to 
transfer information between elements within the 
personal computer 20, such as during start-up, is 
stored in ROM 24. The personal computer 20 further 
15 includes a hard disk drive 27 for reading from and 
writing to a hard disk (not shown) a magnetic disk 
drive 28 for reading from or writing to removable 
magnetic disk 29, and an optical disk drive 30 for 
reading from or writing to a removable optical disk 31 
20 such as a CD ROM or other optical media. The hard disk 
drive 27, magnetic disk drive 28, and optical disk 
drive 30 are connected to the system bus 23 by a hard 
disk drive interface 32, magnetic disk drive interface 
33, and an optical drive interface 34, respectively. 
25 The drives and the associated computer- readable media 
provide nonvolatile storage of computer readable 
instructions, data structures, program modules and 
other data for the personal computer 20. 

Although the exemplary environment described 
30 herein employs a hard disk, a removable magnetic disk 
29 and a removable optical disk 31, it should be 
appreciated by those skilled in the art that other 
types of computer readable media which can store data 
that is accessible by a computer, such as magnetic 
35 cassettes, flash memory cards, digital video disks. 
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Bernoulli cartridges, random access memories (RAMs) , 
read only memory (ROM), and the like, may also be used 
in the exemplary operating environment. 

A number of program modules may be stored on the 
5 hard disk, magnetic disk 29, optical disk 31, ROM 24 or 
RAM 25, including an operating system 35, one or more 
application programs 36, other program modules 37, and 
program data 38. A user may enter commands and 
information into the personal computer 20 through input 
10 devices such as a keyboard 40 and pointing device 42. 
Other input devices (not shown) may include a 
microphone, joystick, game pad, satellite dish, 
scanner, or the like. These and other input devices 
are often connected to the processing unit 21 through a 
15 serial port interface 46 that is coupled to the system 
bus, but may be connected by other interfaces, such as 
a parallel port, game port or a universal serial bus 
(USB) . A monitor 47 or other type of display device is 
also connected to the system bus 23 via an interface, 
20 such as a video adapter 48. In addition to the monitor 
47, personal computers may typically include other 
peripheral output devices (not shown) , such as speakers 
and printers. 

The personal computer 20 may operate in a 
25 networked environment using logic connections to one or 
more remote computers, such as a remote computer 49. 
The remote computer 49 may be another personal 
computer, a server, a router, a network PC, a peer 
device or other network node, and typically includes 
30 many or all of the elements described above relative to 
the personal computer 20, although only a memory 
storage device 50 has been illustrated in FIG. 1. The 
logic connections depicted in FIG. 1 include a local 
are network (LAN) 51 and a wide area network (WAN) 52. 
35 Such networking environments are commonplace in 
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offices, enterprise-wide computer network intranets and 
the Internet. 

When used in a LAN networking environment, the 
personal computer 20 is connected to the local area 
5 network 51 through a network interface or adapter 53 . 
When used in a WAN networking environment, the personal 
computer 20 typically includes a modem 54 or other 
means for establishing communications over the wide 
area network 52, such as the Internet. The modem 54, 
10 which may be internal or external, is connected to the 
system bus 23 via the serial port interface 46. In a 
network environment, program modules depicted relative 
to the personal computer 20, or portions thereof, may 
be stored in the remote memory storage devices. It 
15 will be appreciated that the network connections shown 
are exemplary and other means of establishing a 
communications link between the computers may be used. 

FIG. 2 illustrates a block diagram of speech 
recognition/information retrieval (SR/IR) system 60 in 
20 accordance with one aspect of the present invention. 
SR/IR system 60 includes microphone 62, analog-to- 
digital (A/D) converter 64, user input device 66, SR/IR 
processor module 68, language model (LM) storage module 
70, topic data store 72, general data store 74 and user 
25 output device 76 . 

It should be noted that the entire system 60, or 
part of system 60, can be implemented in the 
environment illustrated in FIG. 1. For example, 
microphone 62 may preferably be provided as an input 
30 device to personal computer 20, through an appropriate 
interface, and through A/D converter 64. User input 
device 66 may preferably be implemented as keyboard 40, 
mouse 42, or any other suitable input device. Language 
model storage module 70 is preferably stored in any 
35 suitable memory device shown in FIG. 1, or is provided 
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to SR/IR module 68 by any of the data input mechanisms 
described with respect to FIG. 1. SR/IR module 68 is 
preferably either a hardware module in computer 20 
(such as a dedicated speech recognition or information 
retrieval processor separate from CPU 21 or implemented 
in CPU 21) , or a software module stored in any of the 
information storage devices disclosed in FIG. 1 and 
accessible by CPU 21 or any other suitable processor. 

Topic data store 72 is also preferably stored in 
any suitable memory devices shown in FIG. 1, or is 
accessible by the system illustrated by FIG. 1. Also, 
topic data store 72 need not be local to computer 20 
but may be merely accessible by computer 20. For 
example, topic data store 72 may be partially or 
totally stored in memory 50. A particular document 
being created, as well as other documents which have 
been created by the user, are stored in topic data 
store 72. Of course, it will be recognized that the 
data contained in topic data store 72 can be arranged 
according to any number of criteria, such as subject 
matter, types of documents (e.g., letters, memos, 
electronic mail transfers, facsimiles, etc.) or any 
other suitable criteria. 

General data store 74 is preferably a larger data 
base, larger than topic data store 72, and is 
accessible by the system shown in FIG. 1. General data 
store may, for example, be any data base, or collection 
of data bases, accessible through wide area network 52, 
or through local area network 51. 

In addition, output device 76 may, in one 
preferred embodiment, by implemented as monitor 47 or 
as a printer or as any other suitable output device. 

In any case, for the sake of the present 
description, system 60 illustrates a system which is 
5 suitable for performing both speech recognition and 
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information retrieval. However, it should be noted 
that system 60 may be configured to perform only speech 
recognition, or information retrieval, as appropriate 
for the various features and aspects of the present 
invention described below. 

Adapting a Language Module 
System 60 will now be described with respect to 
speech recognition. In recognizing speech, system 60 
is trained utilizing acoustic information in a known 
manner. System 60 utilizes this information in later 
recognizing utterances entered into system 60 through 
microphone 62. Briefly, speech is input into system 60 
in the form of an audible voice signal provided by the 
user to microphone 62. Microphone 62 converts the 
audible speech signal into an analog electronic signal 
which is provided to A/D converter 64. A/D converter 
64 converts the analog speech signal into a sequence of 
digital signals which is provided to SR/IR module 68. 

In one preferred embodiment, SR/IR module 68 
includes a feature extraction module which is a 
conventional array processor that performs spectral 
analysis on the digital signals and computes a 
magnitude value for each frequency band of a frequency 
spectrum. The feature extraction module divides the 
digital signals into frames which include a plurality 
of digital samples which are converted to a string of 
output probability distributions that include 
probability values for a plurality of frequency bands. 
The output probability distributions are processed in a 
known manner to obtain likely speech units (such as 
phonemes, words or word sequences) which are 
representative of the speech received by microphone 62. 

In one preferred embodiment, SR/IR module 68 
identifies N likely word hypotheses which are 
; indicative of the N most likely words or word sequences 
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represented. SR/IR module 68 then accesses LM storage 
module 70. The language model stored in LM storage 
module 70 is used to estimate the probability of a word 
w(n) following a sequence of words wl, w2, . . . w{n- 

5 1) . These probabilities are then used to choose among 
the N-best hypotheses in order to obtain the most 
likely word or word sequence represented by the 
utterance. This most likely hypothesis is output at 
user output device 76. 

10 The language model stored in LM storage module 70 

may initially be constructed by SR/IR module 68, or be 
loaded into LM storage module 70 using a data input 
mechanism such as those discussed in FIG. 1 (e.g., 
using a floppy disk) . In the embodiments in which 

15 SR/IR module 68 constructs the language module, a large 
training text corpus is provided to SR/IR module 68. 
Using that training text corpus, SR/IR module 68 
constructs the language model in a known manner and 
stores it in LM storage module 70. 

20 In addition, it should be noted that multiple 

language models can be stored in LM storage module 70. 
For example, a number of topic dependent language 
models can be stored in LM storage module 70 and 
retrieved by SR/IR module 68 based on an input by the 

25 user as to the subject of the particular document being 
created with the speech recognition system. 

In any case, it is desirable that the particular 
language model or models stored in LM storage module 70 
(however first obtained) be adapted based on the actual 

30 word usage of the user of system 60 in order to obtain 
a faster and more accurate model, which accurately 
models the actual language used by the user. 

FIG. 3 illustrates one technique, in accordance 
with one aspect of the present invention, for 

35 accomplishing adaptation of the language model stored 
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in LM storage module 70. A language model is first 
received by system 60. The language model can either 
be subject matter specific, user specific, application 
specific, or simply a general language model. As 

5 previously discussed, the language model can be either 
constructed by system 60 and stored in LM storage 
module 70, or simply loaded into LM storage module 70 
through an appropriate input mechanism. The step of 
receiving the language model is indicated by block 78 

10 in FIG. 3. 

In order to adapt the language model, system 60 
preferably uses the information stored in topic data 
store 72 as a portion of the text corpus used to adapt 
the language model stored in module 70. Topic data 

15 store 72 preferably contains a current document being 
prepared, other documents prepared by the present user, 
or other documents read by the present user, stored by 
the present user, or identified by the present user as 
being relevant to the current task. 

20 Typically, this amount of user specific or current 

topic or task specific data is insufficient to rapidly 
adapt the language model stored in module 70, or to 
generate a more user/task-specific language model. 
Therefore, system 60 utilizes the user/task-specific 

25 information stored in topic data store 72 to generate a 
query against general data store 74. Recall that 
general data store 74 may include one or more data 
bases accessible over the internet (e.g., over WAN 52), 
a library data base, or another suitable large data 

30 base accessible by system 60 (such as through LAN 51) . 
The query against general data store 74 is indicated by 
block 80 in FIG. 3. 

The particular information retrieval technique 
used to generate and execute the query against general 

35 data store 74 is not critical to this feature of the 
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present invention. Rather, any suitable query 

development and information retrieval technique can be 
used. It should simply be noted that adaptation 
according to the present technique works better with 
information retrieval techniques that return more 
relevant documents. 

Next, the documents identified by the information 
retrieval query are retrieved. This is indicated by 
block 82. In one preferred embodiment, as indicated by 
dashed line 84 in FIG. 3, processing simply continues 
at block 86. In that preferred embodiment, the topic 
language model stored in module 70 is adjusted, or 
adapted, based upon the information stored in topic 
data store 72, and based upon the information retrieved 
from general data store 74 as a result of the query 
being executed against general data store 74. Thus, 
the probability estimates generated by the language 
model are adjusted based upon the text corpus which 
includes the information in both topic data store 72 
and the information retrieved from general data store 
74. This provides a much larger text corpus with which 
to adapt the language model stored in module 70 than by 
simply using the information stored in topic data store 
72. Since the adaptation text corpus is much larger, 
the probabilities generated by the language model can 
be better estimated and the resulting language model 
yields a better (i.e., faster and more accurate) 
mechanism for modeling the actual usage by the user. 
The adaptation is indicated by block 86 . 

The way in which the language model is adapted can 
take any one of a number of forms. In one preferred 
embodiment, only a subset of the documents retrieved by 
the query against general data store 74 are used in 
adapting the language model stored in module 70. Also, 
the documents retrieved based upon the query against 
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the general data store 74 can be weighted relative to 
those already contained in the topic data store 72. The 
documents retrieved are preferably weighted less than 
those already stored in data store 72. Thus, the 
effect on the language model stored in module 70 based 
on the retrieved documents is less than that based on 
the documents already stored (and presumably known to 
be relevant to the user) . 

Further, the language model can be adapted in 
another way. The results of the query can be used to 
build a language model which is combined with the 
language model already stored in module 70. This 
combination can be performed using any known smoothing 
technique, such as interpolation, deleted 

interpolation, or any other suitable technique. In the 

embodiment 'in which deleted interpolation is used for 

adapting the topic language model stored in module 70, 

the documents retrieved from general data store 74 and 

. the documents already stored in topic data store 72 are 
weighted as follows: 

AP,+(1-A)P, 



where is a probability value generated by the 
25 language model based on retrieved documents; 

is a probability value generated by the 
language model based on documents already in the topic 
data store 72; and 

X is the deleted interpolation parameter having a 
30 value which is preferably experimentally determined. 
If the information retrieval technique is believed to 
be very accurate, X will have a higher value (such as 
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0.8 or 0.9). However, where the information retrieval 
technique is not believed to be as accurate, X may have 
a lower value (such as 0.4 or 0.5). However, any 
values of X such as 0.1-0.9, or so, are suitable. 

In yet another embodiment, the value of X is 
incrementally increased as the number of queries 
increases. In other words, as the number of queries 
which have been executed increases, the text corpus 
used to adapt the language model will likely either get 
larger, or become more accurate, because the amount of 
information stored in topic data store 72 is likely 
larger. Thus, the documents retrieved using the 
information retrieval technique will likely be more 
relevant than those initially retrieved. Therefore, 
the value of X can increase incrementally as the number 
of queries increases. 

Further, it should be noted that several language 
models can be constructed from the retrieved data. For 
example, one language model can be constructed using 
the most relevant 100 documents, and a second language 
model can be constructed using the most relevant 200 
documents, and so on. Multiple language models 
constructed using the retrieved documents can then be 
combined with the language model generated from the 
known relevant data from the topic data store 72 and 
also from the general language model. Language model 
combination using deleted interpolation can be 
expressed as : 
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where Pi is the probability generated by the i"** 
language model and 0 <=X^ <=1 is the interpolation 
weight for i''' language model and Z^i = 1- 

Once the language model is adapted, the adapted or 
5 adjusted language model is then used in speech 
recognition. This is indicated by block 88. 

In accordance with one preferred aspect of the 
present invention, system 60 is configured to 
automatically, and intermittently regenerate a topic 
10 specific query and direct it against the information 
stored in general data store 74. For example, in the 
preferred embodiment, the language model stored in 
module 70 is adapted on-the-fly (e.g., as the user is 
using system 60) . Therefore, system 60 may be 
15 configured to initially execute the query and adapt the 
language model as soon as system 60 is powered up, and 
then each time a new document is created. More 
preferably, however, system 60 is configured to 
• generate a new query and adapt the language model 
20 intermittently, even while a document is being created. 
Thus, system 60 can be configured to repeat the query 
either every predetermined number of words, every 
predetermined time interval, or based on any other 
suitable criteria. 
25 Whatever the criteria, it is used in setting a 

query threshold. System 60 thus determines whether the 
query threshold has been reached. If so, system 60 
generates another query and executes it against the 
general data store as indicated by block 80. If the 
30 query threshold has not been reached, system 60 simply 
continues speech recognition as normal. This is 
indicated by blocks 90 and 92 in FIG. 3. 

In accordance with other preferred features of the 
present invention, other information can also be used 
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in adapting the language model stored in module 70. 
These features are represented by blocks 94, 96 and 98 
in FIG. 3. For example, in one preferred embodiment, 
after the query has been executed against the 
5 information in general data store 74, a relevancy 
measure of each of the documents returned from the 
query is determined. The documents are then ranked 
according to the relevancy measure. This is indicated 
by block 94. Then, a subset of the documents returned 
10 (those having a relevancy measure above a relevancy 
threshold) are used in adapting a language model. 
Further, the documents returned can be weighted 
according to the relevancy measure as indicated by 
block 96. The documents can then be used, as weighted, 
15 to adapt the language model stored in module 70. 

In yet another preferred embodiment of the present 
invention, other information is also used in adjusting 
the language model. For instance, system 60 can be 
configured to identify the particular application then 
20 being used by the user to prepare a document. For 
example, if the user is in a word processor 
application, the user may be generating a more formal 
document than if the user is in an e-mail application. 
System 60 can be configured to recognize the 
25 application, and either use that information in 
generating the query against the information contained 
in general data store 72 to look for more formal 
documents (i.e., documents having more formal word 
usage and word sequences) or to simply weight the more 
30 formal documents retrieved by the query higher than the 
less formal documents retrieved. Further, if the user 
pulls up a memo template, and is therefore generating 
an internal memo, system 60 can be configured to 
retrieve only similar memoranda from topic data store 
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stored in general data store 74. 

Many other parameters could also be used in 
accordance with the present invention. For instance, a 
user may tend to dictate more formal documents, such as 
company letters and memoranda, during business hours, 
but generate less formal documents, such as personal 
letters, later in the day or in the evening. 
Therefore, based upon the time of day which the 
document is being created by the user, system 60 can be 
configured to generate the query by retrieving 
documents from topic data store 72 which were created 
at about the same time of day. System 60 can also be 
configured to simply weight similar documents retrieved 
based on the query more heavily than other documents. 

It should also be noted that adaptation of the 
language model stored in module 70 can be performed 
intermittently regardless of whether the user is 
utilizing the speech recognition features of system 60. 
So long as system 60 is powered up, it can be 
configured to repeat the queries against the 
information stored in general data store 74 and adapt 
the language model stored in module 70 according to any 
given criteria. 

Thus, it can be seen that the language model 
adaptation feature of the present invention can be used 
to quickly and efficiently expand the amount of user 
specific data available for generating or improving the 
language model stored in module 70. The user specific 
data that is available is first used as a query against 
a large information store to identify text or documents 
which are similar to the user specific documents. 
Then, the text corpus used to generate or adapt the 
user specific language model stored in module 70 is a 
much larger collection than would otherwise be the 
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case, and the probabilities provided by the language 
model can be better estimated. Again, it should also 
be noted that the particular manner in which the 
language model is built and adapted, and the particular 
5 technique for performing information retrieval, are not 
critical to this aspect of the present invention, and 
any suitable techniques can be used. 

Use of Language Models to Improve Information 
Retrieval 

10 FIG. 4 is a flow diagram which illustrates a 

technique by which system 60 can improve information 
retrieval. As mentioned above, a statistical n-gram 
language model produces a probability estimate for a 
word given the word sequence up to that word (i.e., 

15 given the word history H) . An n-gram language model 
considers only (n-1) prior words in the history H as 
having any influence on the probability of the next 
word. For example, a bi-gram (or 2 -gram) language 
model considers the previous word as having an 

20 influence on the next word. Therefore, in an n-gram 
language model, the probability of a word occurring is 
represented as follows: 

Equation 1: 

P{w/H) = P(w/w\,w2,...w(n- 1)) 

25 

where w is the word of interest; 

wl is the first word prior to word w in the 
sequence ; 

w2 is the second word prior to word w; and 
30 w(n-l) is the word located n-1 positions prior to 

the word w. 

Also, the probability of a word sequence is 
determined based on the multiplication of the 
probability of each word given its history. Therefore, 
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the probability of a word sequence wl . . . wm is 
represented as follows: 



Equation 2 : 

P(wl...wm)=f[{p{w^/H,)) 

5 

When discussing language models, the concept of 
perplexity of a word sequence is also known. 
Perplexity is a statistical measure of the average 
branching factor of the language model. In other 

10 words, perplexity is a statistical measure of the 
average number of possible words that would be 
predicted by the language model given the word or word 
sequence of interest. Therefore, the perplexity of a 
word sequence wl . . . wm given its history is 

15 represented as follows: 



Equation 3 



Perp = expj^- log U / ) j 



flog(Pw, ///,)] j 



= exp|-^ 

Further, the perplexity of a word sequence x with 
respect to a given language model LM will be 
represented as follows: 



Equation 4 



Perp{x I LM) = expj^- log(^(^ ^ 
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Ttas, the perplexity of a word sequence, given a 
language model, is approximately equal to the average 
number of words which would be predicted by that 
language model, given the word sequence and rts 
history. This value changes with the predictive power 
of the particular language model being used. The 
particular manner in which the language model rs^ burlt 
and the particular language model being used rs not 
critical to the present invention. 

one aspect of the present invention utilizes the 
concept of perplexity, as it relates to language 
models, in order to improve the accuracy of 
retrieval executed by system 60. In order to do this 
system 60 first either receives or creates a general 
iLguage model as indicated by block 100 in FIG. 4 
system 60 can thus be configured with a language model 
generator. In that instance, a large text corpus of 
Trailing data is preferably provided to the language 
mod 1 generator which generates a general language 
■ model, based upon the large text corpus, m any ta»n 
and suitable manner. The training data - P^^^^'^^J 
the information (or a subset of the information) stored 
in general data store 74. That language model is then 
, stoLd in module 70. Alternatively, however, system 60 
can be provided with a conventional, commercially 
available, general language model which is simply 
loaded into module 70. In another alternative system 
60 creates the general language model from another 
„ large set of text data distinct from data in general 
data store 74. In the preferred embodiment, system 60 
either creates, or is provided with, a trigram language 

""""^^Next, system 60 either receives or creates a topic 
35 language model which is relevant to the particular 
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topic of interest to the user. Again, system 60 can 
either be provided with a commercially available topic 
language model, or can generate and train a topic 
language model itself. 
5 In order to generate a topic language model, the 

user preferably provides system 60 with training data 
which is relevant to the specific topic of interest. 
For example, the user may have several articles, and 
may wish to retrieve other similar articles from 
10 information stored in the general data store 74. Or 
the user can simply supply a search query or request to 
the system. A topic language model is either generated 
by system 60 using the relevant articles, or a portion 
of the text of those relevant articles is used to 
15 express a query against the information stored in 
general data store 74, and the information retrieved 
based on the query is used to generate the topic 
language model in combination with the user supplied 
information. In another preferred embodiment, when the 
20 training data used to generate the topic language model 
is sparse, the topic language model is generated using 
the sparse data, and then combined with a general 
language model to obtain the new topic language model. 
The combination technique is not critical to the 
25 present invention, and can be accomplished using a 
smoothing technique, such as interpolation, deleted 
interpolation, or any other suitable technique. The 
process of receiving or creating a topic language model 
is indicated by block 102 in FIG. 4. 
30 After the general language model and the topic 

language model are generated or received by system 60, 
system 60 undertakes to assign a similarity measure to 
each document (or part of a document) in general data 
store 74 which is to be considered in the information 
35 retrieval process. In order to do this, system 60 
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first selects a document from general data store 74. 
^ This is indicated by block 104. 

Next, system 60 determines the perplexity of that 

document, with respect to the general language model as 
5 indicated by block 106. This is represented as 

follows : 

Equation 5 

Perp[doc, I GLM) 

10 where GLM represents the general language model; 

and 

doCi represents the selected document . 
System 60 then determines the perplexity of the 
document relative to the topic language model as 
15 indicated by block 108. This is indicated as follows: 

Equation 6 

Perp{doc, I TLM) 

20 where TLM represents the topic language model. 

System 60 then determines a relevance measure for 
the selected document based upon the perplexities 
determined in blocks 106 and 108. The relevancy 
measure is preferably expressed in terms of a ratio of 

25 the two perplexities as follows: 

Equation 7 

Perp[doCi I GLM] 
Perp[doCi I TLM) 
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Recall that the perplexity of a document (as a 
sequence of words), given a particular language model, 
is representative of approximately the average number 
of words that could be predicted by that language model 
given that document. Therefore, if the perplexity 
number is relatively high, then the training data used 
to develop that language model has not trained the 
language model well with respect to the terms being 
used in the document. Therefore, the document under 
consideration will tend not to be similar to the 
training data used to develop the language model. 
However, if the perplexity of that document is low, 
then the training data used to develop that language 
model has likely trained the language model well with 
respect to the terms appearing in the document, and the 
document is likely similar to the training data used to 
train that language model. 

Therefore, in one preferred embodiment, a 
similarity measure can be returned using only the topic 
language model. However, in a more preferred 
embodiment, both the topic language model and the 
general language model are used. The reason for this 
is that some language constructs in a document may be 
more or less likely to appear, regardless of whether 
the document under consideration is relevant. It is 
desired that the information retrieval system not 
discriminate against those similar documents, even 
though the raw relevancy score obtained by applying the 
perplexity of the topic language model is fairly high. 
If that is the case, and the language constructs being 
used in the document of interest are fairly unlikely, 
then the perplexity value returned with respect to the 
general language model will also be high. By using the 
ratio of perplexities determined for the general 
5 language model and the topic language model, the system 
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essentially returns a number which is determined 
against a base line (the general language model) and is 
thus more meaningful than the raw number which would be 
returned simply by providing the perplexity of the 
document relative to the topic language model. Thus, 
it is believed that providing the relevancy measure as 
a ratio of the two perplexities yields a more accurate 
measure of relevancy. 

Similarly, if the language constructs used in the 
document of interest are quite common, regardless of 
the topic of interest, then the perplexity value 
returned by the topic language model will be relatively 
low. Even though the document may not be particularly 
relevant. However, the perplexity value returned by 
the general language model will also likely be quite 
low. Therefore, by providing the relevancy measure as 
a ratio of the two perplexities, it is believed that 
the information retrieval technique will retrieve more 
relevant documents. 

The step of determining relevancy of the selected 
' document based on the perplexities is indicated by 
block 110. Expression of the relevancy factor as a 
ratio of the two perplexities can be expanded as 
follows : 



Equation 8 



exp 

relevancy = 

exp 



M 



= exp|-4i 
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where = the probability of a word sequence, 
given its history, with respect to the topic language 
model ; and 

5 Pq = the probability of a word sequence, given its 

history, with respect to the general language model. 

Once the relevancy measure has been determined, 
system 60 determines whether the relevancy measure 
meets a relevancy threshold. The relevancy threshold 

10 can be predetermined, input by the user, or adapted 
based on the number of documents being retrieved by 
system 60, or based on other criteria. System 60 
merely determines whether the document has a high 
enough relevancy measure so as to be provided to the 

15 user. This is indicated by block 112. 

If the document does not meet the relevancy 
threshold, it is not provided to the user and 
processing continues with respect to block 116. 
However, if the document does meet the relevancy 

20 threshold, it is retrieved and either stored in topic 
data store 72, or provided to the user at output device 
76. This is indicated by block 114. 

System 60 then determines whether it is to examine 
additional documents in general data store 74. If so, 

25 processing reverts back to block 104 where another 
document is selected and the relevancy of that document 
is determined. If no more documents are to be 
examined, processing continues with respect to optional 
block 118. This is indicated by block 116. 

30 Once all the documents (or a subset of the 

documents) have been examined, system 60 can either 
simply provide the documents to the user, store the 
documents, or rank the documents according to 
relevance. In the embodiment in which the documents 

35 are ranked according to relevance, system 60 simply 
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ranks the documents according to the relevance measure 
determined for each document. System 60 can then 
either provide the documents ranked according to 
relevance, to the user, or can simply provide a subset 
of the documents retrieved based upon the ranking. 
This is indicated by block 118 . 

Using this technique, it can be seen that the 
general language model needs to be generated only once 
based on the information stored in general data store 
74, or some representative sample of that information. 
Alternatively, the general language model may be 
updated intermittently as the contents of the 
information in general data store 74 changes. The 
topic language model is preferably generated once for 
each query provided by the user. 

Conclusion 

One aspect of the present invention provides a 
technique which uses information retrieval to improve 
and adapt a language model or models being used during 
speech recognition. The system uses the knovm history 
of text already generated by the user to develop and 
adapt the language model directly, but also directs a 
topic specific query against the general data store in 
order to find similar documents to expand the training 
data used for generating or adapting the language 
model. This provides a much more accurate language 
model than broad, preconceived, topic dependent 
language models used in the past. The query against 
the large data store is also preferably periodically or 
I intermittently repeated to obtain a dynamically adapted 
language model with increased accuracy. 

Another aspect of the present invention uses 
language models to improve information retrieval 
techniques. The system preferably obtains a general 
5 language model and a topic language model (either using 
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the technique described above, or another known 
technique) . The system then calculates a relevancy 
measure of documents being searched based upon 
perplexity values returned by the language models 
5 obtained. Since language models are context dependent 
models, this allows the system to not only consider the 
words themselves, but the context in which the words 
appear to determine the relevancy of the document. 
This improves both the recall and the precision of the 
10 information retrieval technique, results in a better 
estimation of the likelihood (or probability) that 
relevant information appears in the document being 
searched, and thus results in better performance of the 
information retrieval system. 
15 Although the present invention has been described 

with reference to preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 
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WHAT IS H T AIMED IS; 

1. A method of adapting a language model used in a 

speech recognition system which has access to a first 
data store and a second data store, the second data 
store being large relative to the first data store, 
the method comprising: 

formulating an information retrieval query 
based on information contained in the 
first data store; 
querying the second data store based on the 

query formulated; 
retrieving information from the second data 

store based on the query; and 
adapting the language model based on the 
information retrieved and the information 
in the first data store. 

2. The method of claim 1 and further comprising: 
repeating the steps of formulating, querying, 

retrieving, and adapting while a user is 
using the speech recognition system. 

3. The method of claim 2 wherein the steps of 
formulating, querying, retrieving, and adapting are 
performed intermittently while a user is using the 
speech recognition system. 



4. The method of claim l wherein formulating an 

information retrieval query comprises: 

formulating an information retrieval query 
based on documents previously created by 
the user and stored in the first data 
store . 
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5. The method of claim 1 wherein formulating an 
information retrieval query comprises: 

formulating an information retrieval query 
based on information contained in a 
document then being prepared by the user. 

6. The method of claim 1 wherein formulating an 
information retrieval query comprises: 

formulating an information retrieval query 
based on information related to a type of 
document then being prepared by the user. 

7. The method of claim 6 wherein formulating an 
information retrieval query comprises: 

formulating an information retrieval query 
based on a template then being used by the 
user to prepare the document . 

8. The method of claim 6 wherein formulating an 
information retrieval query comprises: 

formulating an information retrieval query 
based on an application program then being 
used by the user to prepare the document. 

9. The method of claim 6 wherein formulating an 
information retrieval query comprises: 

formulating an information retrieval query 
based on a time of day during which the 
user is preparing the document . 

10. The method of claim 1 wherein retrieving 
information comprises: 

retrieving a plurality of documents from the 
second information store; and 
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determining a relevance measure associated with 
each document retrieved. 

11. The method of claim 10 wherein adapting the 
language model comprises: 

adapting the language model based on relevant 
documents retrieved which have a relevance 
measure which meets a threshold value. 

12. The method of claim 11 wherein adapting the 
language model comprises: 

assigning a weight to each relevant document; 
and 

adapting the language model based on the 
relevant documents according to the weight 
assigned to each relevant document. 

13 . The method of claim 1 wherein retrieving 
information from the second data store comprises 
retrieving a plurality of documents from the second 
data store and further comprising: 

weighting the documents retrieved from the 
second data store lower than the 
information in the first data store; and 

wherein adapting the language model comprises 
adapting the language model based on the 
information in the first data store and 
the documents retrieved, as weighted 
against the information in the first data 
store . 

14 . The method of claim 1 wherein the language 
model includes probability estimates of word 
sequences, and wherein adapting the language model 
comprises : 
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adjusting the probability estimates based on 
the information in the first data store 
and the information retrieved from the 
second data store . 

15. The method of claim 12 wherein assigning a 
weight to the documents retrieved from the second data 
store comprises : 

assigning an increased weight to the documents 
retrieved from the second data store as a 
number of times the second data store is 
queried increases, at least until the 
increased weight reaches a weight 
threshold. 

16. The method of claim 1 wherein querying the 
second data store comprises: 

querying information through a global computer 
network . 

17. The method of claim 1 wherein adapting comprises: 
constructing a first language model based on the 

information retrieved from a first query and 
the information in the first data store. 

18. The method of claim 17 wherein adapting further 
comprises : 

constructing a second language model based on the 
information retrieved from a subsequent query; 
and 

combining the first and second language models. 

19. A method of retrieving information from a 
second data store which is relevant to information 
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Stored in a first data store wherein the second data 
store is larger than the first data store, the method 
comprising: 

providing a first language model based on 
information stored in the first data 
store ; 

providing a second language model; 

determining a first perplexity of a document in 

the second data store, given the first 

language model; 
determining a second perplexity of the 

document, given the second language model; 
determining a relevancy measure of the document 

based on the first and second 

perplexities; and 
selectively retrieving the document based on the 
relevancy measure. 

20. The method of claim 18 and further comprising: 
repeating the steps of determining a first 

perplexity, determining a second 
perplexity and determining a relevancy 
measure, for a plurality of documents in 
the second data store; and 
retrieving relevant documents from the 
plurality of documents which have a 
relevancy measure which meets a threshold 
level . 

21. The method of claim 19 wherein providing a 
second language model comprises: 

providing the second language model based on 
information stored in the second data 
store . 
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22. The method of claim 19 wherein determining a 
relevancy measure comprises : 

determining a ratio of the first and second 
perplexities relative to one another; and 

determining the relevancy measure based on the 
ratio. 

23. The method of claim 20 wherein retrieving 
relevant documents comprises : 

ranking documents according to the relevancy 
measure determined for each document. 

24 . A method of retrieving information from a 
second data store which is relevant to information 
stored in a first data store wherein the second data 
store is larger than the first data store, the method 
comprising: 

providing a first context dependent language 
model based on information in the first 
data store; 

providing a second context dependent language 
model based on information in the second 
data store; 

determining a relevancy of a document in the 
second data store based on a predictive 
capability of the first language model 
given the document and based on a 
predictive capability of the second 
language model given the document; and 

retrieving the document if the relevancy meets 
a relevancy threshold value. 

25. The method of claim 24 wherein determining a 
relevancy of the document based on a predictive 
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capability of the first and second language models 
comprises : 

determining the relevancy based on a branching 
factor of the first language model given 
the document and based on a branching 
factor of the second language model given 
the document. 

26. The method of claim 24 and further comprising: 
repeating the steps of determining a relevancy 

for a plurality of documents in the second 
data store; 

comparing the relevancy determined to the 

relevancy threshold; and 
retrieving the documents having a relevancy 

which meets the relevancy threshold. 

27. The method of claim 26 and further comprising: 
adapting the relevancy threshold based on a 

number of documents which meet the 
relevancy threshold. 

28. The method of claim 24 wherein providing the 
first language model comprises: 

querying the second data store based on 
information in the first data store; and 

constructing the first language model based on 
the information in the first data store 
and based on information from the second 
data store retrieved based on the query. 

29. The method of claim 24 wherein providing the 
first language model comprises: 
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constructing a preliminary language model based 
on information in the first data store; 
and 

combining the preliminary language model with 
the second language model to obtain the 
first language model . 

30. The method of claim 24 wherein providing the 
second language model comprises : 

constructing the second language model based on 
a subset of all information stored in the 
second data store . 

31. A method of retrieving information from a 
second data store which is relevant to information 
stored in a first data store wherein the second data 
store is larger than the first data store, the method 
comprising: 

providing a first language model based on 
information stored in the first data 
store ; 

determining a first perplexity of a document in 
the second data store, given the first 
language model; 

determining a relevancy measure of the document 
based on the first perplexity; 

repeating the steps of determining a first 
perplexity, and determining a relevancy 
measure, for a plurality of documents in 
the second data store; and 

retrieving relevant documents from the 
plurality of documents which have a 
relevancy measure which meets a threshold 
level . 
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32. The method of claim 31 and further comprising: 
providing a second language model based on 

information stored in the second data 
store; 

determining a second perplexity of the 
document, given the second language model; 

wherein determining a relevancy measure 
comprises determining the relevancy 
measure of the document based on the first 
perplexity and based on the second 
perplexity; and 

wherein repeating comprises repeating the steps 
of determining a first perplexity, 
determining a second perplexity and 
determining a relevancy measure, for a 
plurality of documents in the second data 
store . 

33. A method of recognizing speech, comprising: 
providing a first data store; 

providing a second data store, the second data 
store being large relative to the first 
data store; 

providing a language model; 

formulating an information retrieval query 

based on information contained in the 

first data store; 
querying the second data store based on the 

query formulated; 
retrieving information from the second data 

store based on the query; and 
adapting the language model based on the 

information retrieved and the information 

in the first data store. 
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34. The method of claim 33 and further comprising: 
repeating the steps of formulating, querying, 

retrieving, and adapting, intermittently, 
while a user is using the speech 
recognition system. 

35. The method of claim 34 wherein repeating 
comprises : 

repeating the steps intermittently based on 
time. 



36. The method of claim 34 wherein repeating 
comprises : 

repeating the steps while the user is preparing 
a document using the speech recognition 
system after a predetermined number of 
words have been recognized during 
preparation of the document. 
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